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Absbct-The height distributron of the absorption produced hy two diffemnt o 
electron spectra, N ( E ) d E = S .  109exp(-E/5)dE and N ( E ) d E = 7 .  ICrexp(-E/41)dE 
and also by the bremsstrahlung from the first mentioned one has been estimated. The results 
indicate that the absorption in the 60-90 km range, due to hard elcctron spectra, often may 
dominate, whereas the absorption caused by bremsstrahlung is smaller than that due to the 
primary electrons producing the X-rays. These results are discussed in respect to the height 
of the absorbing layer and the observed small variation of auroral absorption at sunrise and 
sunset. 

INTRODUCTION Y It was found in an early stage of the experimental investigation of the iono here by 
means of ionosondes that during aurora total blackout of the ionosonde often occurs, 
indicating strong absorption taking place below the reflecting layers. Several other ob- 
servations provide evidence that the main part of the ionization producing the radiowave 
absorption, which is characteristic for magnetically disturbed conditions in the auroral 
zone, is located below the E-layer. The few rockets containing electron density experiments 
that have been flown into the disturbed ionosphere in the auroral zone have all brought 
down information showing that absorption takes place well below the E-layer. Heikkila 
and Penstone"), for instance, found a pronounced peak in the height distribution of ab- 
sorption per unit length at 75 km and no measurable absorption at all above 90 km. The 
rocket measurements of Seddon and Jackson,(2) Kane(3) and others seem not to have given 
any results showing such high electron density up in the E-layer that the main part of the 
absorption might have taken place there. The Norwegian rocket measurements of electron 
density in the lowest ionosphere have shown strong increases in electron density in and 
below the normal D-layer height interval during aurora and magnetic storms(4). Multi- 
frequency riometer measurements often give equivalent heights below 75 km for the 
absorbing i~nization'~) and the time constants, evaluated from absorption records indicate 
similar  altitude^(^.^). Furthermore, electron density profiles obtained from partial reflection 
and cross modulation studies in the auroral zone show strong increases in the electron 
density, and the absorption caused by it, below 80 km during aurora and magnetic storms. 

Some of the observational facts mentioned above led Chapman and Little(*) to propose 
that bremsstrahlung X-rays, produced by the primary auroral electrons, are responsible 
for the major portion of the auroral absorption. However, the absorption caused by 
bremsstrahlung from primary auroral electrons, of the spectra observed by McIlwain(s), 
is probably considerable less than that due to the primary electrons themselves (cf. Aikin 
and Maier(10) and below). Practically all the primary electrons found by McIlwain will 
be stopped above 80 km and most of the absorption takes place above 90 km. 

Investigations of the variation of auroral absorption in the twilight peri~ds'~-l" have 
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shown that the difference between post-sunrise and pre-sunset (day) absorption on one 
hand and pre-sunrise and post-sunset (night) values on the other hand is much less than 
expected on the basis of the present knowledge about the negative ions in the lowest 
ionosphere. The two most probable alternative interpretations of this observation have 
been proposed to be the following: either the main part of the ionization responsible for 
the auroral absorption is situated above 90 km altitude or the ratio of negative ion to free 
electron densities, 1, is much less than hitherto believed(15). 

Campbell and Leinbach(lG) have calculated the absorption taking place in the height 
interval of the visual aurora from measured fluxes of auroral light and the ratio of ionization 
and excitation cross sections. They proposed that sometimes all auroral absorption may 
take place in the height interval where the visual form is located. On the basis of this and 
the absence of day-night variation in auroral absorption, Brown and Barcus(13) concluded 
that auroral absorption usually takes place above 90 km altitude. This first one of the two 
above-mentioned alternatives means, however, that all the observational evidence mentioned 
earlier for a low altitude of the absorbing ionization should be disregarded. This seems 
not very probable to this author. 

While the rocket-measured auroral electron spectrum of M~I lwain(~)  was very soft and 
produced the ionization mainly up in the altitude range of visible aurora (see below), some 
rocket experiments in the auroral zone have shown considerably harder electron-spectra. 
Davis et ul.(17) found the differential energy spectrum to be proportional to E-2, while 
McDiarmid et u1.(l8) observed an exponential spectrum with mean energy of 22 keV. In 
addition to these few isolated rocket observations of harder electron spectra, there is now 
available results of satellite observations of similar high-energy electrons, obtained during 
many passages through the auroral zones(lg). These observations support the low altitude 
absorption alternative. They will be discussed in this note and will first be briefly described. 

OBSERVATIONS OF FLAT ELECTRON SPECTRA IN THE AURORAL ZONE 

I 

Mann, Bloom and West(19) flew magnetic spectrographs, covering the energy range 
9&1200 keV for electrons in the Discover Satellites Nos. 29 and 31. These satellites 
were launched on 30 August and 17 September 1961, respectively, in near polar orbits. 
Discoverer 29 had a perigee of 160 km near the North Pole and an apogee of 610 km. The 
perigee of 240 km was at 30” N for Discover 31 and its apogee was at 420 km. The 
opening angle of the instrument was small (about 2 x 5 degrees) and it was continuously 
directed outward along the radius vector from the Earth’s center. 

Three different types of differential electron spectra were found. One very soft, similar 
to that found by M c I l ~ a i n , ( ~ )  was observed over the polar caps and sometimes down to 
rather low latitudes, especially in the northern hemisphere. The differential energy spectrum 
obtained by McIlwain was : 

I N(E) = 5 . IO8 exp (--E/5 keV) electrons cm-2 sec-l ster-l keV-l (1) 

In the calculations below a ten times more intense flux will be employed. 
A second type of spectrum was observed only in the region of the South Atlantic 

magnetic anomaly and could be interpreted as the lowest tail of the Van Allen belt. 
The third type of spectrum observed is the one that is of most interest here. It was a 

class of harder electron spectra than that reported by M c I l ~ a i n ( ~ ) ,  predominantly found 
in the auroral zones. These electrons were observed when the spectrometer looked within 
10-20 degrees of the geomagnetic field lines. This indicates that the electrons were injected 
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into the atmosphere. They were probably primary auroral electrons, according to Mann 
et ul.(lg) 

The spectra of this kind observed during 20 different passages through the auroral 
zones could be grouped into two classes with regard to energy fall-off one given by 
Nff-BleS kev and the other by N,,e-*l" Some of the spectra, however, had e-l energy 
values as low as 15 keV and in one case a high value of 165 keV was found. 

The calculations below will be made for a differential electron energy spectrum of 

N(E) = 7 . 10' exp (-,E/41) electrons cm-2 sec-' s t e r l  keV-l (2) 

obtained from Fig. 5 in the report of Mann et ul.'19) 
There was a magnetic storm when Discoverer 29 was in orbit and it was mainly in the 

course of that storm that the hard electron spectra were observed in the auroral zones. 
There was probably a time lag between the start of the storm and the onset of the electron 
bombardment, but due to incomplete orbit coverage nothing definite could be stated. The 
electron flux definitely diminished as the storm waned. 

ABSORPTION PRODUCED BY PRIMARY AURORAL ELECTRONS, GENERAL 

The exact calculation of the energy dissipation of fast electrons in the atmosphere is 
very complicated because of the range straggling due to large single-energy losses occurring 
in both radiative and inelastic collisions and also because of the large an,dar deviations 
encountered by the electrons in elastic collisions. Even the extensive numerical calculations 
of Spencer'M) give somewhat inaccurate results for large thicknesses of the absorbing 
material. 

Maeda(zl) has given the following empirical relation for the attenuation of electrons 
with energies between 5 and 300 keV: 

N(E, x) dE = N , O  exp (-0.318 . 107E-z'*x) dE (3) 

where N,(E) is the initial differential intensity of electrons with a kinetic energy of E and x 
is given in glcmz. This expression is based on laboratory measurements and takes into 
account elastic scattering. As soon as an electron has undergone interaction, such that its 
energy is outside the interval dE at E, it is considered as lost from the beam. In using 
expression (3) for calculation of the energy dissipation, one thus considers the total energy 
of an electron that has been inelastically scattered at an atmospheric depth, x, as dissipated 
at that same depth. This gives some overestimation of the energy dissipation at small 
atmospheric depths and thus produces the ionized layer at somewhat too high an altitude 
in the atmosphere. On the other hand, since the electron flux is certainly not attenuated 
in an exponential way close to the electron range, it seems likely that an overestimation is 
made also of the very lowest part of the produced ionization, when formula (3) is employed. 
It is, however, probable that the errors in the height distribution of the produced ionization 
are not large, measured in km, in the atmosphere where the density increases approximately 
exponentially with decreasing height (see also p. 585). 

Expression (3) has the great advantage of making all calculations easy. It will be used 
below for the estimates of the absorption caused by various electron spectra. The geo- 
magnetic field lines will be assumed to be vertical in the auroral zones. 
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The flux of electrons with a pitch angle a at the atmospheric depth x g/cm2 is then 

27rN(a, x ,  E) dE sin a da = 27rN0(E, a )  exp ( -x /a(E)  cos a )  sin a da dE (4) 

where l/u(E) = 0.318 . 107E-2e and No(E, a )  is the differential electron spectrum outside 
the atmosphere. Based on the experimental results reviewed above, it will be assumed 
that the low energy spectrum (a exp ( -E/5))  is isotropic over the upper hemisphere, but 
that the high energy electrons (CC exp (-E/41)) come in only within one steradian around 
the field lines. They will be assumed to propagate vertically in the computations below. 

given by 

(a)  Zsotropicjlux 
Integrating the pitch angle from 0 to 7r/2 and substituting y = x /cos a we obtain 

N(x,  E )  dE = 2?rN0(E)G(x/a(E)) dE (5 )  

where G(x/a(E)) is the so-called Gold integral(22) 

G(x/a(E)) =Ja e--za/o(E)s-2 ds (6) 
1 

dN(x, E)/dx = 27rN0(E). dG/dx = 2?r[No(E)/a(E)] Ei(-x/a(E)) (7) 
where Ei( -x/o(E))  is the exponential integral, defined by 

The energy dissipation rate to the atmosphere per unit volume by electrons of energy E 
is given by 

-&)E. dN(E, x)/dx = 27rp(h)E[N0(E)/a(E)~i(-x/a(E)) keV ~ m - ~  sec-l keV-l (9) 

when E is measured in keV and h is the altitude in cm. By taking the average amount of 
energy used in production of one electron-ion pair equal to 32 eV, No@) = 5 . los exp ( -E/  
5) electrons cm-2 sec-l s t e r l  keV-l and l/a(E) = 0.318 . 107E-22, we obtain the electron 
production rate q(E, h) : 

q(E, h) = -3.12. lo1*. p(h) . Ei(-0*318 . 107E-2'2. x)(cm3 sec keV)-l 

(10) 

- E ( - x )  goes to infinity when x goes to zero. The expression (10) is valid when the 
isotropic flux outside the atmosphere has infinite extension in the horizontal plane. In 
practice the geomagnetic field prohibits the electrons from running away in the horizontal 
direction and makes (10) valid also for electron precipitation over limited areas. 

(b) Vertical incidence 

per unit volume by electrons of energy E is given by 

-E. dN(E, h)/dh = p(h) . E .  [N,(E)/a(E)] . 

For vertical incidence the expression for the energy dissipation rate to the atmosphere 

(1 1) keV (cm3 sec keV)-l 
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and the electron production rate, q(E, h), for Ne(@ =. 7 . I@ e-E'41 electrons an-* sec-l 
keV-l, by 

q(E, h) = 0-695 . lols . Ah) . E-''* . e--Q31* . lo' . 
* "electrons (cms sec keV)-l. 

(12) 

AB3ORPTION DUE TO PRIMARY AURORAL ELECTRONS AND BREMssraA"G 
With the use of equation (10) the electron production rate q(E, h), due to a steep 

spectrum of McIlwain's type but with a ten times higher flux was computed for every loth 
keV from 5 keV up to 65 keV, and for every loth km between 70 and 130 km. The total 

4 7 0 -  
60 - 
5 0 -  

10' 10' 10' lob 10' 10' 

V, ELECTRON COLLISION FREOUENCY 

FIG. 1. THE ELECIRON COLLISION FREQUENCY, I, AS FUNCTION OF ALTITUDE. 

Curve 1 bas been drawn on the basis of data presented by HOWuJ for the lower half of 
the altitude range. In the upper half curve 1 has been extrapolated so that it parallels the 
curve shown by Ratcwe and Wecka'al' in about the same way as in the lower altitudes. 

Curve 2 is after Nicokt'a'' below 90 km and after Hanson'"' above 100 km. 

electron production rate due to the complete spectrum was obtained by numerical 
integration. 

The stationary state electron density, Ne, was derived from 

Ne(h) = [q/(l -k A) * (ad + Aan)lu* (13) 

The 1 profiles used by Nicolet and Aiked=), Aikin'") and others, and the values ad = 
4-6 . lO-' cms sec-' and a,, = lW7 cm3 sec-l for the dissociative (ad) and ion-neutralization 
( a 3  recombination coefficients have been employed. Finally the absorption per km 
height interval was computed for the riometer frequency 27-6 Mc/s in the auroral zone, 
using the old Appleton-Hartee expression 

dA/& = 0.459.106. N e .  v/(3*34. 1Vo + 9) (db/km) (14) 

Computations were made for the two electron collision frequency profiles shown in 
Fig. 1. v-profile No. 1 is probably more representative for the actual ionospheric situation 
at the lower heights, where it is based on recent measurementP). With the use of v-profile 
No. 2 in Fig. 2, absorption/km values higher by a factor of about two is obtained and the 
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(a) (b) 
FIG. 2 

Curves 1 in (a) and (b) show the height distribution of the absorption produced by the differen- 
tial energy spectrum N ( E )  = 5 . 10°e-r/5 lreV electrons cm-a sec-' ster-' keV-'. The total 
absorption values corresponding to curves 1 amount to 1.04 db in the day and to 0.89 db at 
night. Curves 2 give the absorption due to the bremsstrahlung of the same electron spectrum. 
Total absorption in the day is 0.27 db and in the night 0.061 db. Curves 3, finally, repre- 
sent the absorption distribution produced by the differential energy spectrum N(E)  = 

7 . lo4 lreV electrons cm-z sec-' keV-', coming in along the field lines. 
Total day-time absorption is 1.9 db and the night-time one is 0.52 db. 

Aikin and Maier(lo) have calculated the electron production rate due to the brems- 
strahlung resulting from the electron spectrum reported by M c I l ~ a i n ( ~ ) .  Their electron 
production rates, multiplied by a factor of ten to make them correspond to the absorption 
given by curves Nos. 1 in Fig. 2 have been converted into absorption per km in the way 
described above. The result is shown as curves Nos. 2 in Fig. 2(a, b). 

The total daytime absorption due to bremsstrahlung amounts to 0.27 db, or about f of 
the absorption produced by primary electrons. It has its maximum at about 60 km. The 
thickness of the layer at its half value points is 17 km. At night the total bremsstrahlung 
absorption is very small, 0.06 db, i.e. about 1/15 of the corresponding absorption due to 
primary auroral electrons. 
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Finally the absorption due to the hard electron spectrum N(E) dE = 7 . le4 exp (-E/4l 
keV) dE, observed by Mann et Q / . ( ~ ~ ) ,  has been computed using expression (12) for the 
electron production rate and the same procedure as described earlier for transferring 
q(E, h) into dA/dh. The result is shown in Fig. 2(a, b), as curves Nos. 3. The integration 
was camed out between 50 and 300 keV. For the spectrum above, electrons with energies 
less than 50 keV give negligible contribution to the absorption. 

The total day-time absorption was found to be 1.9 db and the night-time one 0-5 db. 
The height of maximum dA/dh was 70 km in the day and a little less than 80 km at night. 
Thus the absorption in the 60 to 90 km height interval, due to the hard electrons, is twice 
as large as that due to the soft ones and one order of magnitude greater than that produced 
by bremsstrahlung in the day. 

DISCUSSION 
(1) The uncertainty in the numerical values presented in Fig. 2 is large. The inaccuracy 

in the knowledge of the collision frequency introduces a possible error in the absorption 
of a factor of two or even more at the highest levels shown in the figure. The density in 
the upper half of the altitude range in Fig. 2 may vary appreciably with local time and 
season. This together with the low degree of accuracy in the existing experimental density 
values for this region, makes an uncertainty of a factor of two possible, In addition, the 
use of the classical magnetoionic formula result in values of dA/dh which, in certain 
atmospheric depths, may be 50% too 10\y(~~).  

It has been shown by Young(z8) that the average energy lost per electron by a beam of 
eiecirons or' energies from a few keV to a few ten keV in traversing an absorber is approxi- 
mately equal to the energy, E,, of an electron with an end-point range equal to the absorber 
thickness. This was used by M~Ilwain'~) in deriving the spectrum of the electrons observed 
by him in aurora. McIlwain pointed out that if the integral number energy spectrum can 
be represented by a function of the form c exp ( -E/b)  where c and b are constants, then 
the energy flux emerging from an absorber with an electron end-point range energy of E, 
will be cb exp (--E0/b). Using this and the empirical relations between energy and practical 
range, R, for mono-energetic low-energy electrons by Katz and Penf~ ld '~~) ,  the following 
expression can be derived for the electron production rate, q(h) (el./cm3 sec), due to an 
electron flux which is isotropic outside the atmosphere 

exp {--E,(B)/b} sin 0 de 
q(h) = - . p . 

0-032 R(8) . (2.853 - 0.191 In E,(@) 

where R(0) can be taken equal to 1 . 3 6 ~ ~ ~  ae/cos 8 for the height interval of interest here. 
Numerical calculations have shown that the equilibrium electron density due to the soft 
spectrum n(E) = 5-109 e--B/5 electrons/cmZ sec ster keV obtained with the use of (15) differs 
by less than 50 per cent from those found by means of Maeda's'21) formula (3), except at  
the bottom of the ionized layer (90 km) where the difference amounts to almost 100 per 
cent. Those results indicate that the use of Maeda's attenuation formula is not likely to 
involve errors in the absorption per unit height interval larger than a factor of two in any 
part of the height interval of interest, except possibly in the very low tail. The effect of this 
on ratios between total absorption due to various sources or on day to night ratios is 
probably small compared with other uncertainties. 

An assumption of infinite extension in the horizontal plane of the area of electron 
influx was made by Aikin and Maier(Io) in their calculation of the ionization produced 
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by bremsstrahlung. Since the bremsstrahlung photons can travel very far in almost hori- 
zontal direction in the upper levels of interest here, the required extension of the area of 
influx is many hundred kilometers. The effect of this assumption is probably that 
the calculated ionization rate, due to bremsstrahlung, is too high. It is difficult to give 
quantitative values of this overestimation. The electron precipitation, as observed with 
satellites, seems in general to have an extension of hundreds of kilometers also in the 
north-south direction. The large-area precipitation model is therefore probably more 
relevant to the auroral absorption than precipitation in a narrow beam. In addition to 
the mentioned uncertainty in the calculation of the bremsstrahlung ionization rate, there 
are errors introduced by the specific approximations and simplifications made by Aikin 
and Maier in deriving the expressions for the X-ray flux and its absorptionin theatmosphere. 

The conclusion of this discussion of the accuracy of the absorption values given in 
Fig. 2 is that only the order of magnitude is significant. The ratios of the absorption 
values for the various ionization sources and for the highest and lowest altitudes in Fig. 2 
are probably correct within a factor less than three. 

With the uncertainties in some of the parameters, of the order of magnitude mentioned, 

justified. It may be of interest to mention that an absorption height distribution calculated 
on the assumption that the electron flux consists only of the electrons within one steradian 

isotropic over 2n steradians, is only about 50 per cent smaller than that obtained with 
isotropic flux. The heights of the absorbing layers and the shapes are similar in both cases. 
It is therefore quite reasonable to make the simplifying assumption of vertical influx for a 
rough estimation. 

(2) It can be seen in Fig. 2 that the absorption deep in the atmosphere, due to brems- 
strahlung, is probably much less than that produced mainly above 85 km by the primary 
electrons, for the steep electron spectra found by McIlwain. For decreasing steepness of 
the electron spectrum one would expect an increasing importance of the absorption pro- 
duced by bremsstrahlung because of the increasing cross section for bremsstrahlung 
production with electron energy. On the other hand, when the primary electrons become 
more energetic, they ionize lower down in the atmosphere; the height difference between 
the ionized layers produced by primary electrons and the bremsstrahlung decreases and 
with it the difference in absorption cross section for the electrons in the two layers. This 
tends to make the bremsstrahlung less important. The high altitude absorption due to 
primary electrons-and to heavy auroral particles-is much greater than the absorption 
produced by bremsstrahlung for all spectra of interest, according to Brown(27). 

(3) For the parameter values used in the calculations leading to the curves 1 and 2 in 
Fig. 2(a, b), we expect 1 db absorption at 27.6 Mc/s. The spectrum (1) corresponds to 
an energy flux of 1-3 105 ergs/cm2 sec. This means an aurora of 200-500 kR emission 
rate of A3914 A and A5577 A, i.e. an aurora of IBC between I11 and IV. To obtain the 
corresponding absorption values for the same electron energy spectrum for IBC I1 we 
only have to divide by about six, as there is a factor of ten for the light emission, 
and therefore for ionization rate, between each IBC value. Thus an IBC I1 aurora (in the 
night) would only give 0.15 db due to primary electrons and 0.01 db due to bremsstrahlung 
for a McIlwain spectrum. For an IBC I11 aurora the corresponding values would be 
0.5 db and 0.03 db, respectively. An IBC IV aurora, finally, would give 1.5 db due to 
primary electrons and 0.1 db because of bremsstrahlung. 

I extensive calculations giving a high degree of accuracy in other parameters seem not to be 

around the field line direction, propagating strictly along the field lines, instead of being I 
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(4) Figun 2 shows that the absorption produced at low altitudes by the flat electron 
spectra observed by Mann et UZ.(~@) may be more important than that due to the very steep 
spectra, first observed by McIlwain. The data published by Mann et aI.(l@) do not give 
too much information about the range over which the hard electron flux varies. Com- 
parison of curve 3 in Fig. 2 and the absorption to be expected for auroras of various 
IBC, produced by electrons with spectra of McIlwain’s type, show that the daytime 
absorption under curve 3 is greater than that due to low energy electrons for IBC I-IV. 
For night-time (Fig. 2(b)) the absorption due to high energy electrons is greater than that 
produced by the low energy ones for IBC I and I1 aurora (with the hard electron flux 
unchanged), while for IBC III it 1s about equal. It seems, however, reasonable to 
assume that also the flux of electrons with flat spectrum varies at least a factor of ten up 
and down from that used in this note, and that its daily average value is correlated with 
the daily flux of steep spectrum electrons. That this is so is supported by the results of 
balloon observations of X-rays. The absorption due to these high energy electrons will 
then be the dominating one in the average. 

Even if there should exist a statistical relation between the fluxes of steepspectrum and 
flat-spectrum electrons, it is most probable that wide variations in the resulting total 
spectrum can be found from one aurora to another. One can expect to see both auroras 
(weak ones) without appreciable absorption and strong absorption without visible aurora. 
Such combinations can be obtained from the two spectral types dealt with in this note. 
The dissimilarity between the diurnal variation curves for visual aurora and auroral 

one does not get information about the occurrence 
frequency of the two above-mentioned types of spectra. The data from Injun I show that 
the radio-wave absorption is well correlated with the flux of electrons of energy greater 
than 40 keV30). This, as well as the good correlation between radio-wave absorption and 
fluxes of bremsstrahlung X-ray energies up towards 100 keV, indicates that auroral type 
of absorption is not primarily caused by electrons with the very steep spectrum found by 
McIlwain(@). The rocket observation of Heiklrila and Penstone“’ can be. understood only 
as an effect of a flat electron spectrum without any contribution from the steep type. 

(5 )  The day to night ratio of the absorption, AD/AN, obtained from Fig. 2(a, b) is, for 
absorption due to low energy electrons alone, 1-12; for the absorption produced by 
bremsstrahlung, 4.4; for absorption due to low eneTgy electrons and bremsstrahlung, 1.34; 
for high energy electron absorption, 3.7; and finally, for the sum of absorption caused by 
low and high energy electrons and by bremsstrahlung, 2.2. 

The observed AD/AN value for auroral absorption is between one and two (1.1-1-2 
according to Hultqvist(u* =); about I according to Brown and Barcus(13); about 2 ac- 
cording to Holt and Landmark(l4))). Probably it is fairly close to unity. 

The absorption values shown in Fig. 2 were calculated with the use of the height 
distribution of A (the ratio between negative ion and free electron densities) used by 
Nicolet, Aikin and others in the last few years. 

Of the AJAN values obtained from Fig. 2, which were given above, only the “low 
energy electron” one agrees with the observed value of AD/AN. The experimental values 
of AJAN were obtained by averaging over all auroral absorption events recorded over 
extended periods of time (34 yr in Hultqvist’s case). 

It was mentioned eark that there is experimental evidence showing that auroral 
absowon  is usually not caused by low energy electrons alone. When assuming equal 

ebsq~ez Flq L& .aCesio& an -&is basis. 
From the report of Mann et 
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contribution to the auroral absorption by the steep and flat electron energy spectra, which 
seems to be a reasonable assumption in absence of detailed statistical data, one would 
expect an AD/A, value of more than two, as mentioned earlier. 

It should be mentioned here that the large uncertainty in the absolute absorption values 
does not affect the AD/AN ratio too much. The AD/AN value is more dependent on the 
height distribution. The larger the fraction of the total absorption that takes place above 
90 km, the smaller the A,/A, value will be. 

On the basis of what has been said above, it seems possible to conclude that there is a 
significant discrepancy between the AD/A, values calculated on the basis of the A-profiles 
of Nicolet and others, on the one hand, and the observed values on the other. This means 
that the observed absence of day-night variation in auroral absorption is not due to the 
main part of the absorbing ionization being located above 90 km. 
Acknowledgement-I am grateful to L. R. Davis and D. S. Evans for valuable discussions. 
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